Despite dramatic advances in decoding the genes, proteins, and pathways that drive cancer, the disease has evaded the reductionist approaches to defeat it. Recent work has highlighted cancer's heterogeneity, complexity, and ability to develop resistance as major barriers to progress. To better understand and control the processes that govern the initiation, behavior, and progression of cancer, the National Cancer Institute (NCI) created the Physical Sciences-Oncology Center (PS-OC) Network in 2009. As a hub for scientific innovation and as an example of the transdisciplinary research model, the twelve centers within the PS-OC strive for the systematic convergence of the physical sciences with cancer biology. Promoting collaboration between biologists, physicists, mathematicians, chemists, biomedical engineers, and oncologists, the program offers a compelling vision of how new frontiers in physical sciences and oncology will permit the emergence of new scientific principles and opportunities, and of how the benefits of the current convergence revolution would be enhanced by vigorous public/advocacy support.
Background
Despite dramatic advances in decoding the genes, proteins, and pathways that drive cancer, the disease has evaded the reductionist approaches to defeat it. Recent work has highlighted cancer's heterogeneity, complexity, and ability to develop resistance as major barriers to progress. To better understand and control the processes that govern the initiation, behavior, and progression of cancer, the National Cancer Institute (NCI) created the Physical Sciences-Oncology Center (PS-OC) Network [1] in 2009.
The program brings together leading researchers in the physical sciences and cancer biology in Centers that act as hubs for scientific innovation and the convergence of these two fields. The PS-OCs combine experts from the fields of cancer cell biology and medicine with those from the fields of physics, mathematics, and engineering to focus on four areas: the physics of cancer; de-convoluting complexity; evolution and evolutionary thinking; and information coding and decoding. Within the PS-OC there is a burgeoning belief that the convergence of disciplines will herald a revolution in biomedical research that will permit the emergence of new scientific principles and opportunities.
The program also offers a compelling vision of how the transition from basic research to clinical application requires multidisciplinary expertise and a new transdisciplinary collaborative paradigm. Transdisciplinary approaches provide a broad inclusive perspective of science that gives them advantages when measured against the use of multidisciplinary approaches. In the former, stakeholders approach issues through their own disciplinary lens. In the latter stakeholders set aside their certitude and are willing to engage in all sides of an issue; each member is responsible for the whole as they step into each other's roles. Rather than operating in silos, transdisciplinary teams have the flexibility to create and expand upon multidisciplinary collaborations by operating jointly as informative units above and beyond disciplines [2] [3] [4] [5] [6] .
This commentary draws on the experiences of the Bay Area PS-OC, one of the twelve centers funded by the NCI, and explores the way physical scientists, clinical researchers, and advocates work together in a transdisciplinary setting to optimize innovative and needed paradigm-shifts in breast cancer research and treatment. Focusing on the intersections of mechanobiology research and advocacy involvements, we identify strategies for leveraging collaborative engagement, describe some of the tensions and challenges in the process, consider the implications of such involvements for the conduct of biomedical research, and connect the PS-OC's programmatic work to emerging policy concerns. Ultimately, this is a call to action for the cancer research community. This call to action emphasizes a process for building team collaboration, and it argues for the importance of advocacy integration within transdisciplinary physical sciences and oncology research teams [7, 8] to help disrupt the status quo, spur on medical innovation, and reshape the conduct of biomedical research.
NCI's message: promote convergence and collaborative engagement in bioscience
For the past twenty years, breast cancer advocates have been at the forefront of efforts to support and reform translational research processes [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . For example, as champions of evidence based practices, Bayesian statistics, adaptive trial design, biospecimen standardization, biomarker validation, improved test result reproducibility, and informed consent reform, advocates have driven change in research practices as well as in FDA initiatives leading to new regulatory and interpretative mechanisms. Yet, despite their in-depth training, dramatic presence as authors in scientific papers, presenters at scientific conferences, voting members in scientific advisories, cooperative groups, data safety monitoring boards, planning committees, protocol/peer review committees, and informed consent working groups, advocate integration into basic science culture has been limited.
We believe that representing the patient's perspective is easy to do when the studies are clinically focused. It's a bit more difficult with translational work, and it is incredibly challenging when research involves basic science [22] . Bringing transformational change to the PS-OC setting has not been easy because of the prevailing notion that physical sciences research is a relatively autonomous arena with high barriers to entry. Stakeholders have expressed serious concerns about the value of advocacy contribution. How can advocates possibly understand the complex scientific issues under discussion? What exactly is their expertise? What value can they bring to such programs? Why should they be taken seriously?
Advancing the commitment to catalyze synergistic cross-sector interactions to promote convergence in bioscience, the NCI includes an advocate representative in the administration of the PS-OCs. Under this mechanism, the NCI has clearly sent the message that innovation springs from many sources, not least from advocacy circles and voices. To expand the role of the physical sciences in cancer research, the NCI leadership called for a cadre of advocates to both celebrate and offer critical reflection on PS-OC program directions. While in concept a tectonic shift appears to be taking place in the call for advocacy engagement in basic science research programs, it has been a winding road integrating advocates in research processes from inception to implementation. Challenges notwithstanding, The Bay Area PS-OC began establishing formal mechanisms to meaningfully include patient advocates from the outset. And today, most of the twelve centers within the PS-OC Network are attracting talented advocates with the vision and drive to serve as vital catalysts for transdisciplinary innovation.
Advocacy at the interface: Bay Area PS-OC's quest for collaborative engagement What happens when you mix the foundations of mechanics with advocacy? What do these two unlikely groups have in common? It turns out that in a shared quest for exciting scientific frontiers, physical scientists, clinical researchers, and advocates work in dynamic symbiotic relationships to accelerate innovative and needed paradigm shifts in cancer research. Convergence goals drive the advocacy sector within the Bay Area PS-OC as follows:
Determining how tumor microenvironments regulate cancer initiation and behavior through interactions among cell types (e.g., initiated cells, activated stromal cells, and components of the extracellular matrix). Originating and testing novel non-traditional physical sciences based approaches to conceptualize, identify, and study the heterogeneity of breast cancer, including the misregulation of multiple pathways related to cell differentiation, cell cycle control, apoptosis, angiogenesis, and the development of metastasis. Searching for innovative mechanics-directed clinical interventions that emphasize the importance of the physical organization of cell-to-cell contacts, tissue architecture, tumor microenvironments, and mechanical properties in the response to therapy. Evaluating how force, stress, strain, pressure, viscosity, stiffness, and plasticity specifically relate to cellular properties of growth, behavior, and tumor progression. Creating novel imaging techniques for studying tumor mechanobiology. The creation of a 3D imaging system will allow scientists to gain a better understanding of how changes in the extracellular matrix contribute to the stiffness of breast tumor tissues. Obtaining clinically relevant tissue to model multicellular structures and implement novel image analysis techniques. This is motivated by the true bottom line of moving basic science discoveries from bench to bedside. Establishing formal mechanisms with industrial and advocacy partners for moving research discoveries into clinical practice.
Bringing a new focus to transdisciplinary engagement, we spotlight how advocacy transforms the Bay Area PS-OC Center's research landscape. The Bay Area PS-OC focuses on the mechanobiology of tumor progression in breast cancer, and consists primarily of researchers from UC Berkeley, UC San Francisco, the Lawrence Berkeley National Lab, the Helen Diller Family Comprehensive Cancer Center, and the California Institute of Quantitative Biosciences. The Center's research explores new approaches that take into account spatiotemporal dynamics, membrane architecture, the tumor microenvironment, and the genomic, physical, and clinical aspects of tumor heterogeneity [7] a . Drawing guidance from a rich legacy of government-sponsored cancer research programs promoting collaborative engagement [23] [24] [25] [26] [27] b , advocates play a pivotal role in overall team composition. Participating in four areas: 1) research and programmatic support, 2) education and outreach, 3) policy and strategy, and 4) representation and advisory, trained advocates bring unique perspectives to the research decision making process as they join stakeholders in shaping new programmatic directions.
Applying four core principles that forge synergy with NCI Advocacy Research Working Group Recommendations: strategic innovation, collaborative execution, evidence based decision-making, and ethical codes of conduct [28] , researchers and advocates interact across a broad spectrum of partnership modes at various levels of intensity.
Five major goals and the mechanisms or tactics by which advocates have established their credibility are summarized below:
Goal 1: Engage the wisdom/perspectives of advocates in the initial and final stages to review grants, vet hypothesis, define strategic priorities, address research challenges, and encourage disruptive change in the interests of anticipating the needs of patients and saving lives. Advocates are serving in unprecedented ways in the Bay Area PS-OC's basic science programs. Although there are many types of advocacy engagements (e.g., educational, political, community outreach, fundraising), we use the term "advocate" developed by the NCI Office of Advocacy Relations to define representatives who bring a non-scientific viewpoint to the research process and communicate a collective patient perspective [18] . Advocating on behalf of the patient, they have become powerful non-traditional allies who focus on the values of identity and patient empowerment. As cultural brokers, advocates provide a face to researchers, highlighting the human element associated with cancer research. As end-users, advocates lend a unique dimension to cancer conversations with their laser focus on translational research. And, as translators, advocates communicate the researcher perspective to patients in a non-technical way and provide feedback to the PS-OC regarding public perceptions of the PS-OC. For instance, prior to submitting a grant, advocates comment on whether the composition of investigators, themes, or approaches within a given PS-OC seem to be logical--thus identifying problems that are actually intrinsic to the program, or problems with the public face of the program that could be fixed through its presentation. Always respecting the scientific imperative, they address hurdles and bottlenecks in research processes, help establish formal mechanisms for moving highly technical evidence-based agendas into clinical practice, and thereby advance their own strategic goals within science.
Goal 2. Incentivize the participation of advocates to attend and present at local seminars, external site review committee presentations, and national PS-OC meetings. Investing themselves in the research culture, advocates attend and present at Annual NCI PS-OC's Network Investigator's Meetings and participate in programmatic committees, lectures, monthly dinner meetings, and ad hoc involvement in research projects. In addition, researchers will continue to support oncology-specific classes, creating educational resources to be developed into a "cancer boot camp" for physical sciences students and advocates. Goal 4. Create new pathways for the translation and dissemination of information. To distill the message of science, advocates assist in developing and disseminating materials such as fact sheets and lay abstracts. These materials explore, for example, the implications of the tumor microenvironment, metastatic colonization, and evolutionary thinking in cancer initiation and progression, as well as the clinical applicability of the Center's powerful new detection and intervention strategies for breast cancer. Moreover, as lay consultants, advocates catalyze dialogue between science, oncology, and advocacy communities about convergence in biomedical research, contribute to the PS-OC national newsletter, and offer technical assistance to inform all stakeholders (scientists, clinicians and advocates) within the broader PS-OC Network about relevant policy issues in establishing advocacy integration within programs [29] . Moving forward, advocates will leverage new social Figure 1 Bay Area PS-OC's Advocates Advancing Bioscience Initiatives (AABI). The Bay Area PS-OC's AABI is the embodiment of NCI's commitment to promote convergence in bioscience. The diverse engagement activities embrace the connection between physical sciences approaches, oncology, and advocacy to address barriers in cancer control. Importantly, the platforms highlight the value of lay participation in heralding a revolution in biomedical research. As vital catalysts for transdisciplinary innovation, advocates synthesize, prioritize, and give voice to three important aims: increasing the inclusion in the initial and the final stages of research development and strategy, encouraging informed bi-directional stakeholder engagement, and reducing the cultural barriers that impair communication.
media technology (e.g., cell phone applications, blogs, drop boxes) to engage, inform, and disseminate research results regarding the importance of physical sciences approaches to advance innovation in cancer research.
Goal 5: Democratize expertise: promote bi-directional mentoring programs. The Bay Area PS-OC's Advocates Advancing Bioscience Initiative (AABI) (Figure 1 
Optimizing team collaboration
Collaborative team science provides a starting point for comprehensive change. Drawing inspiration from the team initiatives proposed by the National Heart, Lung, and Blood Institute (NHLBI), part of the National Institutes of Health (NIH), and the National Institute of Environmental Health Sciences, U.S. Department of Health and Human Services, we commend a way for all stakeholders to develop dynamic reciprocal relationships in which they set priorities jointly [30, 31] . In our view, some of the most exciting opportunities for collaborative engagement lie at the intersection of disciplines (Figure 2 ) when all stakeholders collectively identify approaches and strategic processes that point to:
Synergies of interest
Championing the development of transdisciplinary leadership, innovative disruption, and new fields of study that converge perspectives and approaches of physical sciences and Figure 2 Key Elements of the Bay Area PS-OC collaboration model. Innovation in cancer and biomedical research will originate from collaboration within and between related and unrelated disciplines. Some of the most exciting engagement lies at the intersection of disciplines when all stakeholders (scientists, clinicians, and advocates) collectively consider new approaches and strategic process that point to synergies of interest, thorny issues, capacity building, metrics and measures, and new engagement models.
engineering with cancer biology, clinical oncology, and advocacy lay expertise, Bay Area PS-OC clinicians, scientists and advocates are pushing the envelope for specific changes in the way we think and talk about cancer research processes. Advocates join physical scientists in advancing innovative non-traditional high impact science that puts new emphasis on the cause and prevention of cancer based upon mechanics, systems, evolutionary, and biological factors. Supporting novel methods for clinical detection and imaging, as well as therapeutic agent discovery and oncogene resistance solutions, they promote the importance and consequent benefits to society of physical science approaches.
Solutions to bottlenecks
Working in transdisciplinary teams, advocates catalyze change in research practices by identifying systematic barriers to research efficacy, effectiveness, and expediency. For example, as noted in the concluding section of this commentary, advocates have developed sophisticated strategies for working within the system, yet they plan to demonstrate the power of public activism by taking sides in pre-existing disputes regarding deadline thinking campaigns. Although advocates have no jurisdiction over established scientific terrain, they are garnering "advisory jurisdiction" through their engagements, and they are hopeful that the broader impact of their public activism will lead to shifts in the balance of power between competing visions of how convergence should be promoted in biomedical science.
Capacity building programs
To sharpen and shape the vision for training and mentoring opportunities, the Center's Outreach and Education taskforce has created educational training workshops, retreats, and modules to formalize the scientific training of advocates and sensitize researchers regarding the advocacy engagement process. As PS-OC researchers rethink their potential alliances with advocates as sources of innovation, they ask: How will this become an appropriate role for the NCI to play? What resources does the NCI currently have to support these programs? What other programs or infrastructure initiatives are needed? What approaches or management tools are available to lead the way? And importantly, how can the advocacy community apply lessons from prior advocacy successes to effect change in the PS-OC research paradigm?
Teamwork in science is a critical component of our Bay Area PS-OC's success. To foster bidirectional collaboration and facilitate leadership development, advocates, clinicians and scientists have sought to move out of their comfort zones to identify best practices for transdisciplinary engagement. For example, to build the capacity of young scholars to more effectively communicate their science and develop the translational potential of their projects, Valerie Weaver, the Bay Area PS-OC co-director, encouraged Irene Acerbi, a biomedical engineer and postdoctoral researcher studying the mechanical properties of human breast tissue, to assemble a mentor committee composed of senior researchers in biology and clinical sciences, along with trained members of the research advocacy community. Representing the advocate perspective, Susan Samson, Linda Vincent, and Hannah Klein Connolly helped Irene in grantsmanship by discussing the significance and impact of the project from the patient's perspective. During the development of the project, advocates will receive periodic progress reports and will be invited to lab meeting presentations and workshops about the nanotechnology techniques that Irene uses to study breast cancer tissue samples in the project. Advocates will participate in the discussion of the project progress and results. As vital catalysts for transdisciplinary innovation, advocates will provide researchers with new perspectives on problem solving, offer insights to guide the review of research proposals, and discuss strategies to mobilize science into sound translational and policy solutions.
Metrics and assessment tools
To assess the processes and dynamics that contribute to successful collaboration [31] , and to gauge performance, we ask vital questions: Who is doing what, and how well are they doing it? How will advocates be valued, recognized, and rewarded as members of academic committees and advisories? Will advocates have the leeway to present their visions for change in research design, practice, policy, and infrastructure? Will advocates be viewed as limited partners if they challenge the system and take action against the status quo? Will there be a place in this partnership for dissent, and how should stakeholders negotiate their differences? Moreover, in setting up metrics and assessment tools to evaluate how advocates impact the research, we are developing information portals to allow for the exchange of ideas, suggestions, recommendations, and best practices.
In building a culture of team science that promotes advocacy collaboration, we are guided by two questions: how can advocacy contribute to the systematic convergence of the physical sciences with cancer biology, and how can advocacy spur biomedical innovation? To define the metrics of our success, we have recently created a task force comprised of a diverse group of advocates, senior researchers, young investigators, and clinicians. This task force is designed to help all stakeholders apply logic models developed by the National Institute of Environmental Health Sciences (NIEHS) and create a toolkit that can facilitate science advocacy engagements. A cross section of scientists, clinicians and advocates from the University of California San Francisco (UCSF) Breast Oncology Program (BOP) and NCI-sponsored SPORE and PS-OC programs will gather to challenge conventional wisdom about the value of science advocacy inputs, activities, outputs and impacts. Topics for discussion will include, elements of a successful framework for researcher advocate engagements, challenges to achieving goals, suggestions for strengthening and sustaining collaboratives, and key entities to guide infrastructure improvements.
Taskforce members will develop recommendations regarding:
Priorities: What are the top three priorities for researcher advocate engagement based on the BOP scope, and its importance to the engagement effort? Short-term goals: What are the top three opportunities that are realistic shortterm goals for improving the productivity and effectiveness of our interactions? Long-term goals: What are the long-term goals that we need to identify and meet? The value of bidirectional research stakeholder engagement: How do we build on an agenda that reflects the critical thinking of diverse stakeholder groups, (a) senior research investigators, (b) clinicians, (c) post-doctoral researchers, (d) advocates.
We should learn from these exchanges what mechanisms are actually working or failing, and employ best practices more widely.
New engagement models
Looking to models of innovative partnering outside the academic establishment, we are struck by the way the industry investor conference model is employed to provide structured opportunities to bring together people who have the same interests across sectors. We are also impressed by the way nonprofit foundations, with their abiding interest in promoting translational research agendas, are ideally positioned to encourage disruptive innovative partnering strategies and collaborations. As noted by Faster Cures CEO, Margaret Anderson, "Venture philanthropy groups are now being looked at as the shining example of how a strategic mindset mixed with entrepreneurialism, tenacity and a relentless focus on outcomes can be applied to figure out the best way to do something that can lead to systems change across all sectors" [32] . For example, the Biomarker Consortium of the Foundation for the NIH collaborated with Quantum Lead Healthcare Collaborative to sponsor I-SPY 2, an adaptive breast cancer trial design in the setting of neoadjuvant chemotherapy. Examining the importance of the microenvironment for the response to therapy and utilizing an efficient, innovative clinical trial process, it shortens the time expected for a promising agent to complete Phase III studies, gain regulatory approval, and become part of routine care. Importantly, this trial involves more advocates in a greater variety of ways than previous trials and represents an exciting new paradigm for Phase II assessment of investigational agents and testing of associated biomarkers [33] .
Discussion
The broader impact of advocacy for convergence
As new frontiers in oncology evolve, advocates have an important role to play in basic research as credible knowledge brokers and agents of change [34] [35] [36] [37] [38] . Embracing the PS-OC imperative "think boldly and creatively", challenge the status quo, consciously break down the silos that impair collaboration, advocates support researchers in the conduct of precision-based, patient-centered, ethically responsible research that brings attention to the emergence and behavior of cancer based on a unifying physical sciences-based thematic approach. For example, catalyzing dialogue between science, oncology, and patient communities, advocates share the hope that integrating sophisticated molecular biology with the physics of transport throughout the body will offer greater precision in the diagnosis and treatment of breast cancer as a heterogeneous disease. Advocates communicate to patients the potential of new tools such as tensile force analysis, collagen crosslinking analysis, and computational models based on tissue mechanics. As scientists pull together a story line with a focus on the genome linking targeted medicine, personalized therapy and emerging drug resistance, advocates appreciate the critical role of mechanical force and the microenvironment as regulators of cell signaling. Furthermore, advocates promote optimism that combination treatments targeting both the mechanical properties of the tissue and the cells will become a viable approach to enhancing therapeutic efficacy.
Yet, despite the looming excitement for these transformative approaches, advocates are keenly aware of a nagging paradox: promoting convergence in bioscience offers a path toward innovation in both cancer prevention and therapeutics that does not always have immediate clinical implications. To some extent, the elephant in the room is not the experimental or technical elegance of the science, but the future of basic cancer research. In an era where NIH financial support is constrained and advocacy organizations are reluctant to fund the work unless the project has imminent translational promise, there is concern that the dogma challenging the basic research needed to move the cancer field forward will not be funded in this climate.
Refusing to sit at the research table as liminal bystanders [37] , advocates draw upon lessons from HIV/AIDS [39, 40] and breast cancer activist efforts [36] as they question basic assumptions regarding the benefit of deadline campaigns. Individual outspoken advocates are shifting the discourse to emphasize that unrealistic targets promoted by researchers and mainstream advocacy organizations [41, 42] have simultaneously become a call to action and a double-edged sword for stakeholders who wish to end cancer. Certainly patients await and increasingly demand a cure for cancer. But at what cost? Deadline thinking is not a prudent choice when science dictates a different path forward. It is not the definitive measure for driving the discovery and innovation needed to solve the cancer puzzle [43] .
Conclusions
We are at a pivotal crossroads in the convergence of science, medicine and advocacy. Yet, change is difficult and challenges remain. In the pursuit of collaborative frontiers in physical sciences research, scientists within the Bay Area PS-OC realize that they have strong and supportive partners in advocates. As members of transdisciplinary collaborative teams, advocates can help expedite scientists' strategic goals.
So how are we collectively trying to bring meaningful change to the system? Recognizing that time is ticking for the patient, and that accountability exists to translate findings into practical applications [44] , we argue for a new funding model that balances priorities for clinical trials and faster cures with realistic objectives and timetables/milestones for completion. Moreover, we share the sincere hope [45] that to facilitate progress, we must continue to make a strong case for the growth of federal and philanthropic support, the reform of peer review processes evolving from the intersection of disciplines, the reform in the epistemic practices of biomedical research, as well as evaluation efforts identifying progress in transdisciplinary team science and advocacy collaboration.
Why is this important? In 2010, when NCI director Harold Varmus announced plans to accelerate NCI research, he suggested that we are entering a new era of scientific discovery and innovation in bioscience. By asking researchers to pose and address a series of provocative questions, he implicitly urged all to remember that patients need answers, better precision medicine, better prevention, and better early detection.
The time is right to forward the new opportunities for revolutionizing convergence in biomedical science. And, when researchers across the national PS-OC Network answer this call to action, they can be confident that engaging a cadre of convergence-oriented advocates as vital catalysts and authentic partners in transformative physical sciences research efforts will help advance medical innovation, democratize science, and expedite the incredible potential of future investments in bioscience. Competing interests I declare that the authors have no competing interests as defined by EPJ Nonlinear Biomedical Physics, or other interests that might be perceived to influence the results and/or discussion reported in this article. A full disclosure signed by each author will be sent upon request.
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